
15) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



('0 Publication number: 



0 578 083 A2 



EUROPEAN PATENT APPLICATION 



) 


Application number: 93110232.1 


(^) Int. CI.5 A61K 37/02, C07K 7/06 


(?2) 


Date of filing: 26.06.93 






Priority: 06.07.92 US 909367 


Inventor Melzer, Guido, Dr. 




24.02.93 US 22024 


Morikestrasse 6 






D-65719 Hofheim/Ts.(DE) 




Date of publication of application: 


Inventor Diefenbach, Beate 




12.01.94 Bulletin 94/02 


Beckerstrasse 33 






D-64289 Darmstadt(DE) 




Designated Contracting States: 


Inventor Cheresh, David A., Dr. 




AT BE CH DE DK ES FR GB GR IE IT LI LU NL 


10446 Torrey Pines Road 




PT SE 


La Jolla CA 92037(DE) 






Inventor Kessler, Horst, Prof. Dr. 




Applicant MERCK PATENT GmbH 


Friedrich-Stoltze-Strasse 53 




Frankfurter Strasse 250 


D-65824 Schwalbach(DE) 




D-64293 Darmstadt(DE) 


Inventor Gurrath, Marion, Dr. 






Universita, Degli Studi di Padova, 




Inventor: Jonczyk, Alfred, Dr. 


Via Marzolo 1 




Scheppalle 57 


1-35131 Padova(IT) 




D-64295 Darmstadt(DE) 


Inventor Muller, Gerhard, Dr. Glaxo SpA, 




Inventor: Hblzemann, Gunter, Dr. 


Centro Ricerche, 




Weedring 7 


Chimica Medicinale, Computational 




D-64342 Seefieim-Jugenheim(DE) 


Chemistry 




Inventor: Felding-Habermann, Brunhilde, Dr. 


Via A. 




10666 N.Torrey Pines Road 


Fleming 4, IT-37100 VERONA(IT) 




La Jolla CA 92037(US) 





Cyclic adhesion inhibitors. 



< 

CO 
00 



00 



^) Pharnnaceutical compositions connprising at least one cyclopeptide of formulae I (a)-(O 

(a) (:yclo(-Arg-Gly-Asp-D-Phe-Val-Ala); 

(b) cycio(-Arg-Gly-Asp-D-Phe-Leu-Ala); 

(c) (:yclo(-Afg-Gly-Asp-Phe-Val-D-Ala); 

(d) cycio{-Arg-Gly-Asp-Phe-Leu-D-Ala): 

(e) i:yclo{-Arg-Gly-Asp-D-Phe-Val-Gly); 

(f) cyclo(-Arg-Gly-Asp-D-Phe-Leu-Gly); 

(g) i:ycio{-D-Arg-Gly-Asp-Phe-Val-Ala); 

(h) ryclo(-D-Arg-Gly-Asp-Phe-Val-Gly: 

(i) cyclo(-Arg-Gly-Asp-Phe-Pro-Gly): 
(J) cvclo(-Arg-Gly-Asp-Pf^e-D-Pro-Gly): 
(k) cyclo(-Arg-Gly-Asp-Phe-Pro-Ala); 
(I) cvclo(-Arg-Gly-Asp-Phe-D-Pro-Ala); 
(m) cyc!o(-D-Arg-Gly-Asp-Phe-Val): 
(n) cyclo{-Arg-D-Ala-Asp-Phe-Val); 

(o) cyclo(-Arg-Gly-Asp-D-Phe-Val); 
(p) cyclo(-Arg-Ala-Asp-D-Phe-Val); 
(q) cyclo(-Arg-Gly-Asp-Phe-D-Val; 
(r) cyclo(-Arg-Gly-D-Asp-Phe-Val): 
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or a salt thereof are useful as ceil adhesion inhibitors. 
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This application is a continuation-in-part of application Serial No. 07 909,367, filed July 6, 1992. 
Summary of the Invention 

5 The present invention relates to novel pharmaceutical connpositions based on cyclopeptides of the 

formula l(a)-fr): 
I 

(a) ryrlo(-Arg-Gly-Asp-D-Phe-Val-Ala); 

(b) cyclo(-Arg-Gly-Asp-D-Phe-Leu-Ala); 
w (c) cyclo(-Afg-Gly-Asp-Phe-Val-D-Ala); 

(d) cyclo(-Arg-Gly-Asp-Phe-Leu-D-Ala); 

(e) cy':lo(-Arg-Gly-Asp-D-Phe-Val-Gly), 

(f) cyclo(-Arg-Gly-Asp-D-Phe-Leu-Gly); 

(g) cyclo(-D-Arg-Gly-Asp-Phe-Val-Ala); 
15 (h) cyi:lo(-D-Arg-Gly-Asp-Phe-Val-Gly); 

(I) cvclo(-Arg-Gly-Asp-Phe-Pro-Gly); 
(j) cvclo(-Arg-Gly-Asp-Phe-D-Pro-Gly); 
(k) cyc!o{-Arg-Gly-Asp-Phe-Pro-Ala); 
(!) cyc!o(-Arg-G!y-Asp-Phe-D-Pro-Ala); 
20 (m) cyclo(-D-Arg-Gly-Asp-Phe-Val); 

(n) cyrlo(-Arg-D-Ala-Asp-Phe-Val); 
(0) (:yclo(-Arg-Gly-Asp-D-Phe-Val); 
(p) i:y<:lo(-Afg-Ala-Asp-D-Phe-Val); 
(q) ryclo(-Arg-Gly-Asp-Phe-D-Val); 
25 (r) cyclo(-Arg-Gly-D-Asp-Phe-Val), 

and their physiologically compatible acid addition salts. 

The abbreviations of amino acid radicals shown above and below stand for the radicals of the following 
amino acids; 

Ala Alanine 
30 Arg Argtnine 

Asp Aspartic acid 
Gly Glycine 
His Histidine 
Leu Leucine 
35 Phe Phenylalanine 
Pro Proline 
Val Valine. 
In addition, the following have the meanings below: 
BOC tert.-butoxycarbonyl 
40 CBZ benzylo<ycarbonyl 

DCCl dicyclohe>:ylcarbodiimide 
DMF dimethyiformamide 
FAB fast atom bombardment 
HOBt 1 -hydroxybenzotriazole 
45 molion peak 

OMe methoxy 

The compounds of formula I (a)-(4) and their physiologically compatible acid addition salts are known. They 
are described m FEBS Lett. 291, 50-54 (1991), the entire disclosure of which is hereby incorporated by 
reference. In this document, their preparation as well as their conformation analysis is described. 

50 It is known that compounds which specifically inhibit the ;33 integrin receptor ligand interactions 

("adhesion receptor antagonist." "ARA") can be used as therapeutic agents for the treatment of 
osteoporosis, thrombosis, myocardial infarct, arteriosclerosis, inflammations, apoplexy, angina pectoris and 
tumors. Furthermore, the compounds inhibit cell adhesion in the case of the formation of osteoclasts and 
are suitable as agents which support angiogenests and the healing of wounds. 

55 It was a goal of the present invention to find such ARA that can block ^3 integrin fibrinogen binding in 

order to provide better medicaments for the cited purposes. 

Thus, it IS an object of one aspect of this invention to provide novel pharmaceutical compositions which 
can be used as medicaments. Still other objects include methods of effecting pharmaceutical activities. 
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Upon further study of the specification and appended damns, further objects and advantages of 'h's 
nventi'ir a-;: beccnne apparent to tnose ski iieo the art 

Surpr-smg'y. ^as ceer foi.ra '.nat ire oompounas of formuia I cai-ir) and their phy stologtcai'v 
connpatiDie acid addition saits nave such adhesion receptor antagonistic properties which were not 
nnentioned for these connpoun(Js be*ore. 

The effcrt was found ny usmg -be rrot^cd -J j.w Srmtr). Z.M Ruggen. I" J Kur^icKi and DA. Cheresn 
::cScrioea .n J Biol Chem 265. 12 267- 12 271 (1990). 

Deta^'s :f ^^^o '--e:-oo a:o~3s ^..'ias. 
A nmet/si^ Aeil untreated flat boUcnn pate was coated with 100 ul well of 1 ug nnt receptor (aif,3; ^^^.2) m 
coating tuffer and incubated on a shaker at 4 'C overnight, Tne piate was washed 1y with binding buffer 
and then blocked with blocking buffer MOO ^iwe.l) for two hours at 30 ^C. After an additional wash ng with 
oinoing buffer, the biotinyiated ligan..l and the competitor were added. 

The itgand fibrinogen .vas used at a final conoentratic n of lugrT^I, The competitor was added at 
inci easing concentrations Both ligand ano corT^petitor were added m a volume ot 50 n' well at 2x of the final 
:of^centration diluted m tmdmg buffer. 

The plate was covered and mcuoated for three hours at 30 ^ C. To remove unbound material the plate 
was washed 3x with binding t:uffer dOO ai weil). 

Gcat anti b.otm antibody alkaline phosphatase coniugate (1:2000 dilution) m binding buffer was adde-: 
1IOO Weill arnj tho piato vvas ifKLJtjateo lor one houi at 30 ' C 

The piate was wasned 3>; with bindmg buffer the substrate solution was a-jded and developed in the 
dark at room, temperature for 1-5 minutes 

The reaction was stcppe(j by adciticn of 100 ui well of 0.4 M NaOH and read m the ELISA reader at 
405 nm. 

All points were run in triplicates. 
Tho foMowifig \C 50 values /.'Cie ootair^iea 



Compound 


IC 50 (M.M) 






lib.- 3 


^v.- 3 


/CiC". 


"Ar :j-Giv-A:;p-u-Pho-Val-Ala) 


0,32 


0.90 


::/c!oi 


-Arg-G!v-A?p-D-Phe-Leu-Ala) 


0.76 


110 


0 / Olijl 


-Arg-Glv-Asp-Phe-Va'-D-Ala) 


1 .50 


0.25 


CVOIl ( 


-Arg-Glv-Asp-Phe-Leu-D-Ala) 


0.76 


0.31 


cvcl.::( 


-Arg-Glv-Aip-D-Phti-Val-Gly) 


0.13 


0,62 


OVClOi 


-Arg-Glv-Asp-D-Phe-Leu-Gly) 


0.06 


0,54 


ovohd 


-D-Arg-Gly-Asp-Phe-Val-Ala) 


22.00 


4 50 


cvcloi 


-D-Arg-Gly-Asp-Phe-Val-Gly) 


20.50 


1 52 


ovcioi 


-An^-Gly-Asp-Phe-Pro-Gly) 


1 .53 


0 16 


oyc'C't 


-Arg-Glv-Asp-Phe-D-Pro-Gly) 


1 50 


1 06 


cvo a 


-Arg-Glv-Asp-Phe-Pro-Ala) 


0 62 


0,48 


cvcioi 


-Arg-G!v-A-5p-Phe-D-Pro-A!a) 


i) 74 


0,37 


CVC:I(:'( 


-D-Arg-Gly-Asp-Phe-Val) 






cyo'o( 


-Arg-D-Ala-Asp-Phe-Val) 


;> 100 


52 00 


cycle ( 


-Arg-Gly-D-Asp-Phe-Val) 






cvcio* 


-Arg-Gly-Asp-D-Phe-Val) 


0 60 


< 0,05 


cvc lo( 


-Arg-A!a-Aso-D-Phe-Val) 


100 


0 77 


cyclo( 


-Arg-Gly-Aso-Phe-D-Val) 


0.30 


0 05 



The invention also relates to the use of the sompounds of tne formula I and their physiologically 
acceptable salts for tne prcparaticn of piiarmaoeutical formulations, in particular by non-chemical rmeans 
For this purpose, they can oe converted into a suitable form of administration together with at least one 
solid. Inr^uid and or semi-liquid vehicle or auxiliary and. where appropriate, combined with one or more other 
active L(Dmpounds. 

The !'v,'erMion also 'Oiate-E to agents, ir-, particular pharmaceutical tcrmulatons. containing at 'east o^n-: 
::.rTioound of the formula I and or cne of its physiologically acceptable salts. 

These furmulations can be used as medicaments m human or veterinary medicine Suitable vehicles are 
organic or inorganic substances which are suitable for enteral (for example oral), parenteral or topical 



4 



EP 0 578 083 A2 



administration and which do not react with the new compounds, for example water, vegetable oils, benzyl 
alcohols, alkylene glycols, polyethylene glycols, glycerol triacetate, gelatine, carbohydrates, such as lactose 
or starch, magnesium, stearate, talc and vaseline. Tablets, pills, coated tablets, capsules, powders, granules, 
syrups, juices or drops are particularly used for oral administration, suppositories are particularly used for 

5 recta! administration, solutions, preferably oily or aqueous solutions, also suspensions, emulsions or 
implants, are particularly used for parenteral administration, and ointments, creams or powders are 
particularly used for topical administration. The new compounds can also be freeze-dried and the resulting 
lyophilizate can be used, for example, for the preparation of products for injection. The formulation indicated 
can be sterilized and or contain auxiliaries, such as lubricants, preservatives, stabilizers and or wetting 

10 agents, emulsifiers, salts to affect the osmotic pressure, buffer substances, colorants, flavorings and/or 
aromatic substances. If desired, they can also contain one or more other active compounds, for example 
one or more vitamins. 

The compounds can be employed as pharmaceutical active compounds in human and veterinary 
medicine, in particular for the treatment and prophylaKis of thrombosis, myocardial infarct, angina pectoris, 
;5 apoplexy and for tumors, that means cancer diseases. 

The invention also relates to the use of the compounds of the formula I for combating diseases, in 
particular, and to their use for the therapeutic treatment of the human or animal body. In particular, they are 
inhibitors of cell adhesion, useful to inhibit, e.g., the aggregation of blood-cells and tumor-cells. Thus, the 
compounds can be used to inhibit adhesion in aninnal cells, for example, somatic cells or cancer cells of 
20 mammals. 

The substances according to the invention are as a rule administered in analogy to other known 
commercially available peptides, but in particular in analogy to the compounds described in U.S. Patent 
4,472,305, preferably in dosages of about 0.05-500, in particular 0.5-100 mg per dosage unit. The daily 
dose IS preferably about. 0.01-2 mg kg of body weight. The specific dose for each intended patient 

25 depends, however, on many different factors, for example on the activity of the specific compound 
employed, the age, body weight, general state of health, sex, the diet, the time and route of administration, 
and the rate of excretion, pharmaceutical combination and severity of the particular disorder to which the 
therapy applies. Parenteral administration is preferred. 

Without further elaboration, it is believed that one skilled in the art can, using the preceding description, 

30 utilize the present invention to its fullest extent. The following preferred specific embodiments are, therefore, 
to be construed as merely illustrative, and not limitative of the remainder of the disclosure in any way 
whatsoever. 

In the foregoing and in the following examples, all temperatures are set forth uncorrected in degrees 
Celsius and unless otherwise indicated, all parts and percentages are by weight. 
35 The entire disclosures of all applications, patents and publications, cited above and below, are hereby 

incorporated by reference. 

Preparation example 



40 2.0 g of BOC-Arg-Gly-Asp-D-Phe-Val-Ala-OMe are dissolved in 60 ml of methanol, 1.5 ml of 2 N sodium 

hydroxide solution are added and the mixture is stirred for 3 hours at 20 ' . After evaporation the residue is 
taken up in water, acidified to pH 3 with dilute HCI and extracted with ethyl acetate. The extract is dried 
over Na2S04, evaporated again and the BOC-Arg-Gly-Asp-D-Phe-Val-Ala-OH obtained is stirred at 20= for 2 
hours with 20 ml of 2 N HCI in dioxano. The mixture is evaporated, the H-Arg-Gly-Asp-D-Phe-Val-Ala-OH 
45 obtained is dissolved in a mixture of 1800 ml of dichloromethane and 200 ml of DMF and cooled to 0 ° , 0.5 
g of DCCI, 0.3 g of HOBt and 0.23 ml of N-methylmorpholine are added successively with stirring, and the 
mixture is stirred for a further 24 hours at 0' and 48 hours at 20 ^ The solution is concentrated and treated 
with a mixed bed ion exchanger to free it from salts. This is then filtered off, the solution is evaporated and 
the residue is purified by chromatography. Cyclo{-Arg-Gly-Asp-D-Phe-Val-Ala) M": 646 (FAB) is obtained; 
50 The following are obtained analogously: 

cyclo{-Arg-Gly-Asp-D-Phe-Leu-Ala); M": 660; 
cyclo(-Arg-Gly-Asp-Phe-Val-D-Ala); M^; 646; 
cyclo(-Arg-Gly-Asp-Phe-Leu-D-Ala); M": 660; 
cyclo(-Arg-Gly-Asp-D-Phe-Val-Gly); M": 632; 
55 cyclo{-Arg-Gly-Asp-D-Phe-Leu-Gly); M^; 645; 

cyclo(-D-Arg-Gly-Asp-Phe-Val-Ala); M^ 646; 
cyclo(-D-Arg-Gly-Asp-Phe-Val-Gly); M^: 632; 
cyclo(-Arg-Gly-Asp-Phe-Pro-Gly): M^ 630; 
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cyclO(-Arg-Gly-Asp-Phe-D-Pro-Gly): M* 630; 

cycici-Arg-Gly-Asc-Phe-Pro-Aia). M*: 644 

:yc!c{-Arg-G!v-Asi:-PHe-D-Prc-Ala): M'' 644: 

cyclc(-D-Arg-Glv-Asp-Phe-Val): M^ 575; 

cyi:lo(-Arg-D-Ala-Asp-Phe-Val): 589: 

.^y'^'r(-Arg-Glv-Asr-O-PhF-Vai) M* 575 

cy':iC(-Arg-Ala-Asp-D-Pne-Vai); M": 589: 
:'-Ar--G ,-A:C-P^r-C-Va ' 5^5 

cyclC(-Arg-Gly-D-Asp-Phe-Vai); M*: 575. 
The examples t)e^c;w rt-;late to charmaceuticai fornnLJiations wr^ich contain the compour^as of the fornnuia ! or 
tneir acii.1 addition sa ts 

E;^annpie A: TaLiiets 

A rrnxture ot 1 kg of ovc lo(-Arg-Gly-Asp-D-Phe-Val-Ala) 10 kg of laotose, 6 kg of microcrystalline 
oellulose. 6 kg ot potato starch. 1 kg of poiyvmy Ipyrroltdone. 0 8 kg of talc and 0.1 kg of magnesiunn 
stearate s pre£:s..ij -nto tatDlets. m the custonnary manner such that each tablet contains 10 mg of active 
compound. 

Example' B' doatoc tat'lets 

Table^ts are pressed analogously to E:-.ample A and are subsequently coated in the custorTiary rmanner 
with a coating of SLj::rose. potato starch, talc, tragacanth and coloring sutjstance, 

E>:amplF' C: C aps-u es 

Haro gelatine capsules are filled witii cyc!c<-Arg-Gly-Asp-D-Phe-Val-Ala) in the custorTiary manner such 
that each capsule- contains 5 mg of active compound. 

E>:arnplr D: Ampules 

A sC'lution (jf 1 kij Df cyclof-Arg-Gly-Asp-0-Phe-Vai-Gly ) m :30 I of 1 2-propanediC'l is subjected to sterile 
filtration, and amc.ijies are ■iHed with the solution ana subjected to sterile sealing. Each armpule contains 2 
mg of ac:live cc>rri[30und. 

E>amplt:- D: (jir'tmc^nt 

500 mg of c vclo(-Arg-Glv-Asp-D-Phe-Leu-Gly) is mi>:ed with 99 5 g of petroleum jetly under aseptic 
conditions. 

Example F: Injectic^ns vials 

A Sf:.lution of 100 g of cyclo(-Arg-Gly-Asp-D-Phe-Leu-Gly) and 5 g of disodium hydrogenphosphate in 3 
I of douDly distilled water is adjusted to pH 6 5 with 2 N hydrochloric acid, sterile filtered, filled into injection 
viais and lyophilired under sterile conditions, and the vials are closed m a sterile manner. Each injection vial 
contains 5 mg C'f a':tive compound. 

Pharrr^aceuticai formulations which contain one of the other active compounds of the formula i (a)-(q) 
and or their CihysiO'Ogically acceptable acid addition salts can be obtained analogously. 

The preceaing exarriples can te repeated with sinnilar success by substituting the genencally or 
specifically descr-be^d reactants and or ope.ratmg conditions of this mver^tion for those used m the preceding 
examples. 

Frcm the foregoing oescnption. one skilled in tne art can easily ascertain the essential characteristics C'f 
this invention, and without departing from the spirit and scope tlTeroof, can make various changes and 
modifications of the mventicn to adapt it to various usages and conditions. 
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Claims 

1. A pharmaceutical composition comprising: at least one cyclopeptide of formulae I {a)-(r) in an amount 
effective for inhibiting adhesion of animal cells: 
5 (a) cyclo(-Arg-Gly-Asp-D-Phe-Val-Ala); 

(b) cyclo(-Arg-Gly-Asp-D-Phe-Leu-Ala); 

(c) cyclo(-Arg-Gly-Asp-Phe-Val-D-Ala); 

(d) cyc!o(-Arg-Gly-Asp-Phe-Leu-D-Ala); 

(e) cyc!o(-Arg-Gly-Asp-D-Phe-Val-Gly); 
70 (f) cyclo(-Arg-Gly-Asp-D-Phe-Leu-Gly); 

(9) cycfo(-D-Arg-Gly-Asp-Phe-Val-Ala); 

(h) .:yclo(-D-Arg-Gly-Asp-Phe-Val-Giy; 

(i) cyclo(-Arg-Gly-Asp-Phe-Pro-Gly); 
(j) cyclo(-Arg-Gly-Asp-Phe-D-Pro-Gly); 

15 (k) cyclo{-Arg-Gly-Asp-Phe-Pro-Ala); 

(!) cyc!o(-Arg-Gly-Asp-Phe-D-Pro-Ala); 

(m) cyclo(-D-Arg-Gly-Asp-Phe-Val); 

(n) cyclo(-Arg-D-Ala-Asp-Phe-Val); 

(o) ':yclo(-Arg-Gly-Asp-D-Phe-Va!); 
20 (p) ryr|o{-Arg-Ala-Asp-D-Phe-Val); 

(q) cycloi-Arg-Gly-Asp-Phe-D-Vaf; 

(r) cyclo(-Arg-Gly-D-Asp-Phe-Val), 
or a physiologically acceptable salt thereof; and a pharmaceutically acceptable carrier. 

25 2. A pharmaceutical composition according to claim 1. wherein said animal cells are somatic cells of 
mammals. 

3. A pharmaceutical composition according to claim 1, wherein said animal cells are cancer cells. 

30 4. A pharmaceutical composition according to claim 1, wherein said composition contains 0.05-500 mg of 
said cyclopeptide. 

5. A pharmaceutical composition according to claim 1, wherein said composition contains 0.5-100 mg of 
said cyclopeptide. 

6. A method for the treatment and prophylaxis of thrombosis, myocardial infarct, apoplexy, arteriosclero- 
sis, inflammations, angina pectoris and or tumors, comprising administering a composition according to 
claim 1 

40 7. A method according to claim 6. wherein the amount of said cyclopeptide administered daily is 0.01-2 
mg. kg of body weight 

8. A method of inducing an adhesion-receptor-antagonistic effect in a subject, comprising administering to 
said subject a composition according to claim 1. 

9. A method according to claim 8, wherein the amount of said cyclopeptide administered daily is 0.01-2 
mg kg of body weight. 

10. A method according to claim 8, wherein said cyclopeptide is 
to cyclo(-Arg-Gly-Asp-D-Phe-Val-Ala; 

cyclo(-Arg-Gly-Asp-D-Phe-Leu-Aia): 
cyclo(-Arg-Gly-Asp-Phe-Val-D-Ala); 
cyclo(-Arg-Gly-Asp-Phe-Leu-D-Ala); 
cyclo{-Arg-Gly-Asp-D-Phe-Val-Gly); 
55 cyclo(-Arg-Gly-Asp-D-Phe-Leu-Gly); 

cyclo{-Arg-Gly-Asp-Phe-Pro-Gly): 

cyclo(-Arg-Gly-Asp-Phe-D-Pro-Gly); 

cyclo(-Arg-Gly-Asp-Phe-Pro-Ala); 
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cyciot-Arg-Giy-Asp-Phe-D- Pro-Ala) 
■: r.:;c.(-Arg-Liiy-A50-D-Phe'-Vai ): or 
0 V 0 ■: ( - Arg - Li : y - A 5. c - P ^^^e - D - Va i ) 

11. A method according to dairm 6. wherein said cyciopeptide 

vC:'j(-Arg-t nly-A-Ei: -D-Phe- Vai- Aia. 
cvciO(-Arg-Giy-Asp-D-Phe-Leu-Ala). 

-Arg-G , - A e c -P^^e-Va -D-A.a^. 
oyc!C(-Arg-Gly-A:p-Phe-Leu-D'Ala); 
:yc!0(-Arg-Giy-As ji -D-Phe-Val-Giy ); 
cvcio(-Arg-Glv-Asp-D-Phe-Leu-Gly ), 
cvclo{-Arg-G!v-A£.p-Phe-Pro-Glv); 
CvClof-Arg-Glv-Asp-Phe-D-Pro-Gly): 
':vc!0(-Arg-Giv-A-:p-Phe-Pro-Ala): 
L>clo(-Arg-Ghy-Asp-Phe-D-Pro-Ala). 
cyclo(-Arg-Glv-Asp-D-Phe-Val): or 
cvclo(-Arg-G!y-Asp-Phe-D-Val) 

12. A fT^ethO'.-i uf biockin^j p: integnn 'itrogen bmamg connprising administering an effective amount of a 
cyclO'peptide of forrnnuia I (a)-(^): 

(a I cycio(-Arg-(.3iy-Asp-D-Phe-\/al-Aia). 

(b) cyclo{-Arg-Gly-Asp-D-Phe-Leu-Ala); 

(c) cvc!o{-Arg-Gly-Asp-Phe-Val-D-Ala): 

(d) cyclo(-Arg-Gly-Asp-Phe-Leu-D-Ala): 
cycio(-Arg-Gly-Asp-D-Phe-\/al-Gly^ 

(f) cyclo(-Arg-Gly-Asp-D-Phe-Lou-Gly): 

ig) cycio(-D-A^.3-Gly-Asp-Phe-Val-Ala): 

(h) cyclo(-D-A'g-Gly-Asp-P'-(:-Va!-Gly 

(!) c:ycio(-Arg-i:Tly-Asp-Phe-Prc-C-i!y); 
JO (J) cyc!o(-Arg-Gly-Asp-Phe-D-Pro-Gly): 

(M :ycio(-Arg-Giy-A3p-Phe-Pro-Ala): 

(I) cyclC'(-Arg-C3ly-A^p-P^^e-D-Pro-A!a): 

(m) cyclo(-D-Aig-Giv-Asp-Phe-Val): 

(ri) cycl:'(-Arg-D-A'a-A5p-Phe-Va ): 
55 (Ci) cycio(-Arg-G!y-A5p-D-Phe-Val).. 

(p) cyclo(-Arg-Ala-A-5p-D-Phe-Vai); 

fQ) cyclo(-Arg-Gly-Asp-Phe-D-Val): 

(r) cyclo(-Arg-GIy-D-Asp-Phe-Va!). 

*o 13. A rrethod for the t-^Eatment or prophyiaxis of osteoporosis connprising administering a composition 
accC'ramg to claim 1 

14. A method of mhibitr^g ceil adhesion m the formation of osteoclasts cor-npnsing administering a 
connposit^on according to claim 1. 

15. In a wound healing compos itHDn. the improvement corT^prising said composition containing at -east one 
cyclopeptide of formula ira)-(r): 

I 

(a) cvclo(-Arg-G y-Asp-D-Phe- Val-Aia). 
^0 (b) :vclo(-Arg-Giy-Asp-D-Phe- Leu-Ala). 

(C) cyclo(-Arg-Giy-Asp-Phe-Val-D-Ala): 
Cd) cyclCi(-Arg-Glv-AsD-Phe-Leu-D-Ala): 

(e) cvclc(-Arg-G'y-Asp-D-Phe-Val-Gly ); 

(f) cycloi-Arg-Gly-Asp-D-Phe-Leu-Gly); 
'gj eye lo(-D- Arg-Gly -Asp -Phe- Val-Aia). 
'h* ':yclo(-D-Arg-i3lv-Asp-PhG-Val-Gly ). 
ti) cyclo(-Arg-Gly-Asp-Phe-Pro-Gly ): 

(J) cyclo(-Arg-(3ly-Asp-Phe-D-Pro-Gly), 
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(k) cyclo{-Arg-Gly-Asp-Phe-Pro-Ala); 
(I) cyclo(-Arg-Gly-Asp-Phe-D-Pro-Ala); 
(m) cyclo{-D-Arg-Gly-Asp-Phe-Val); 
(n) cyclo(-Arg-D-Ala-Asp-Phe-Val); 
5 (o) cyclo(-Arg-Gly-Asp-D-Phe-Val); 

(p) eye !o(-Arg-A!a-Asp-D-Phe-Val); 
(q) cyc!o(-Arg-Giy-Asp-Phe-D-Val); 
(r) cyclo(-Arg-Gly-D-Asp-Phe-Val), 
or a physiologically acceptable salt thereof. 
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